ABSTRACT
Introduction
Knowledge on food demand patterns of a particular country is useful to its policy planners in addressing three major policy issues. First, it helps policy planners identify which policy interventions are most appropriate in improving the nutritional status of individuals and households. Second, it is useful in designing various food subsidy strategies that must be pursued by the government. Third, the knowledge on food demand behavior is essential for conducting sectoral and macroeconomic policy analyses (Sadoulet and de Janvry, 1995) .
Central to the analysis of food consumption behavior is the estimation of price and income elasticities of food. According to the literature, primary attention has been paid in the past to the estimation of food demand elasticities in developed countries. Although a number of studies have been published on the subject in developing countries, much less effort has been made to understand food demand patterns in African countries. The handful of published studies include Nweke et al., (1994) and Njoku and Nweke (1990) on Nigeria; Deaton (1988) on Cote d 'Ivoire; and Savadogo and Brandt (1988) on Burkina Faso. To the best of our knowledge, no published estimates of food demand elasticities exist for Tanzania.
The main objective of this paper is to present price and expenditure elasticities of demand for food in Tanzania. Maize is the staple food of 28 million people in Tanzania. According to the Marketing Development Bureau (1997), Tanzania annually produces about 2.6 million tons of maize. Rice is another important grain consumed particularly in the urban and rice growing rural areas. Annual paddy production is about 0.7 million tons. Small quantities of maize were imported in some years in the past to supplement the local production whereas significant quantities of rice and wheat are imported every year (about 50,000 tons each). While maize, rice and wheat are the preferred staple foods, sorghum, cassava, banana and root crops such as potato and yams are also consumed in significant quantities. According to the Ministry of Agriculture annual report (1992) , among all staple foods maize is the major source of calories followed by rice. Meat is consumed mainly in pastoral and near pastoral communities and in urban areas. Fish consumption is mainly concentrated along the coast and big rivers and in communities near lakes. The data from the 1991/92 national household survey were used for the analysis. In estimation, particular attention is paid to the issue of the effects of demographic variables on food demand patterns.
In section 2, the demand model is specified. In Section 3, the construction of variables and the estimation procedure are discussed. Section 4 presents the results. Section 5 concludes the paper.
Model Specification
In specifying the demand system we assumed that consumers allocate their expenditures in two stages. In the first stage, they decide how much to spend on each of the broad categories of goods and services such as food, housing, clothing, transportation, entertainment etc. Allocation of expenditure on individual groups is determined by consumers' total income and group price indexes (Heien and Pompelli, 1989) . In the second stage, the group expenditure is allocated among various commodities in that group depending on the prices of individual commodities and the expenditure allocated to that group in the first stage. The second-stage budgeting procedure assumes weak separability of the direct utility function over the broad categories of goods (Fan et al., 1995) . In this paper, we are modeling the demand for food and dealing with only the second stage of the twostage budgeting process.
The Almost Ideal Demand System (AIDS) of Deaton and Muellbauer (1980a, 1980b ) was employed to model the demand for food in the second-stage. The AIDS model has been widely used for demand analysis because of its linearity and flexibility and because it satisfies the axioms of the demand theory (Heien and Wessells, 1990 The parameters are the average budget shares when all prices and real expenditure are equal to one. The parameters measure the change in the i th budget share with respect to a change in real income, all else held constant, and indicate whether goods are necessities or luxuries. If i <0, w i decreases when X increases so that good i is a necessity. Conversely, if i >0, w i increases with X so that good i is a luxury. The ij parameter measures the change in the i th budget share for a unit change in p j with real income held constant.
The demand for food is influenced by the age composition of (2) the population and various other demographic variables. To capture the effects of demographic variables on food demand patterns, the intercept of equation (1) was modified by the translating method (Heien and Wessells, 1990 ). According to the translating method, i was modified as
where d k are demographic variables of which there are s and i0 and ik are parameters to be estimated.
where P * is the Stone price index defined as
The model in (4) is a linear approximation (LAIDS) to the AIDS model in (1) which is intrinsically nonlinear.
The
Marshallian demand elasticities [equations (6) and (7)] and Hicksian demand elasticities [equations (8) and (9)] were computed using the estimated parameters of the LAIDS model (Hayes et al., 1990) .
The expenditure elasticities were computed using
Data and Estimation Procedure
A total of 142 food items were aggregated into 12 groups: maize, rice, other cereals, pulses, milk and dairy products, sugar, edible oils, fish, starch, fruits and vegetables, meat, and other foods. The data for the analysis were taken from the household budget survey conducted between December 1991 and Descriptive statistics of the variables are presented in appendix table 1. Among all food groups, maize accounts for the highest budget share and the mean expenditure reflecting the fact that it is the staple food in Tanzania. A typical Tanzanian diet consists of ugali, a stiff maize porridge. In urban areas, people usually eat ugali for lunch and rice for supper. Unlike maize, which is grown almost everywhere in the country, rice farming is limited only to lowland areas and river valleys. Since local production cannot meet the domestic demand for rice some rice is imported annually making it more expensive than maize. The budget share for starch is much smaller than that for most food grains. This reflects the fact that consumer tastes are shifting away from traditional foods such as cassava, yams, and banana toward food grains. Except maize, rice, and the other food group, meat accounts for the largest budget share. Meat has the highest unit value among all food groups and is mainly consumed in pastoral communities, in rural areas that grow export crops, and in urban areas. Meat is less affordable to the urban poor and non-pastoral non-growers of export crops. While the high price of meat is mainly due to the high transportation cost of livestock and lack of refrigeration facilities for storage, the high price of rice is due to the low domestic production and the high cost of imports. Industrial processed foods such as sugar and edible oils too have high unit values. On average, budget shares indicate a broad diversity of diet as none of the food groups, including maize, accounts for more than 19 percent of the total food budget. The budget share for all food grains is 37 percent.
The following demographic variables were incorporated into equation (4): (1) sex of the head of the household (a dummy variable taking value 1 for female and 0 for male), (2) location (a dummy variable taking value 1 for rural and 0 for urban), (3) family income (two dummy variables one taking value 1 for low income and 0 for middle and high income and the other dummy variable taking value 1 for middle income and 0 for low and high income), (4) number of male household members between ages of 0-5, 6-11, 12-17, 18-65 and over 65 years, and (5) number of female household members between ages of 0-5, 6-11, 12-17, 18-65 and over 65 years.
Since actual market prices of commodities were not collected in the survey, we had to use the unit values (expenditure divided by quantities) as proxies for 'prices'. Like in many other studies (for example, Jensen and Manrique, 1998; Abdulai et al., 1999) , unit values for commodity groups were calculated by summing the unit values of individual food items which were weighted by the corresponding budget shares. For some households, expenditures for some commodities were found to be zero, so unit values for these commodities could not be calculated. The zero expenditure indicates nonpurchases due to nonpreference, sufficient household inventory, or responses to market prices (Cheng and Capps, 1988) . The zero unit values were replaced by the cluster averages of the nonzero unit values for commodities and commodity groups (Laajimi et al., 1997) .
The participation rate, which is defined as the proportion of the total sample that has a nonzero consumption of a particular commodity, for each of the twelve food groups are presented in table 1. Note that some commodity groups i.e., milk and dairy products, sugar, edible oils, and starch have relatively low participation rates (less than 90 percent) compared to the other groups. Low participation rates mean the presence of a large number of zeros for the budget shares which cause the disturbances associated with those variables to have a nonzero mean. Hence, the use of standard estimation methods will result in biased and inconsistent parameter estimates because such methods do not take into account the nonzero mean of the disturbances (Wales and Woodland, 1989; Maddala, 1983) . The presence of zero expenditure for some items for some households is a common feature in household budget data.
Several methods have been proposed to deal with the zero expenditure problem (for a brief review on alternative approaches see Jensen and Manrique, 1998) . In this paper, we employed the two-step procedure adopted in Heien and Wessells (1990) . The method involves a model in which the dependent variables are censored. According to this method, the zero expenditure problem is modeled as a two-stage decision process. In the first stage, consumers decide whether to purchase some amount of a particular good or not and in the second stage they decide on the amount they buy. Thus, the dependent variables (budget shares) take the value 0 when consumer expenditure on a particular good is zero and a positive value when the expenditure is nonzero. This dichotomy in the decision to buy or not to buy in the first stage can be expressed as a dummy variable.
The first step in this method involves estimating a probit regression for each of the 11 food groups except the other food group, which was deleted from the system. The parameters of the probit regressions are then used to compute the inverse Mill's ratio ( ) for each household for each food group. The for each food group is then used as an instrument in the respective equation of the system in (4). The probit regressions take the form
where 
The inverse Mill's ratio for each household for each item is then used as an instrument in equation (4). So the estimating model is
where i is the econometric error term. However, Heien and Wessells (1990) point out that even if the parameter estimates are invariant to the equation deleted, if all n equations are specified as (14), then the system will not add up. If all n equations are specified as in (14), the adding up condition will require that i ih = 0. Because ih can assume any value, this restriction is impossible. However, Heien and Wessells (1990) state that the adding up constraint could be preserved by specifying the deleted equation as follows:
To be consistent with the demand theory, the following restrictions are imposed on equation (14):
The demand system in (14) was estimated by nonlinear ITSUR technique together with homogeneity and symmetry restrictions imposed 2 . The adding up condition makes the contemporaneous covariance matrix singular so one equation (other food group) was dropped from the system. The variance of the elasticities was computed at the mean budget shares. The variance for the elasticities and the coefficients of the omitted equation were calculated using the formula for the distribution of a linear transformation of a normally distributed random vector.
Results and Discussion
The parameter estimates of the demand system are presented in appendix table 2. The poor fit of the equations as measured by the low R 2 is not unusual when models are estimated with cross sectional data. of a total of 365 coefficients, 135 coefficients (or 37 percent) are statistically significant at the 5 percent level. More than half of the price coefficients are significant at the 5 percent level. Except for rice, and milk and dairy products, all the other own price coefficients are significant at the 1 percent level. The parameter estimates for the inverse Mill's ratio for all the equations are statistically significant at the 1 percent level which confirms that estimating the system ignoring the presence of zeros for the budget shares would result in biased and inconsistent parameter estimates.
The expenditure coefficients for all food groups, except maize, pulses, and starch, are statistically significant at the 1 percent level. The coefficients for rice, milk and dairy products, sugar, edible oils, and meat are negative implying that they are necessities while the positive coefficients for other cereals, fish, fruits and vegetables, and other foods imply that they are luxuries 3 . Considering fish, fruits and vegetables as luxuries is not unusual for a low income country since priority is given to foods that are sources of energy. Exception to this trend is meat, which is mostly consumed in the urban and pastoral communities. Other cereal and cereal products group is considered a luxury since it includes bread and other wheat products such as pasta and corn flakes consumed mainly in the urban areas. Nearly half of the wheat is imported and thus expensive.
Relatively cheap sorghum, millet and oats are also included in this group. However, they may have low budget shares and thus overshadowed by wheat products. The female-headed households consume less rice. This may be due to the fact that femaleheaded households usually have lower incomes than the male-headed households. On the other hand, the female-headed households consume more of the other foods than male headed households. Apart from this, the sex of the head of the household has no significant effect on the consumption of other food categories.
The coefficients for the location dummies indicate that rural people consume more maize, pulses, milk and dairy products, and starch and less rice, other cereals, sugar, edible oils, fruits and vegetables, and other foods than their urban counterparts. The coefficients for the dummy variables for income indicate that people in the low income category consume more of maize, pulses, and fruits and vegetables and less of milk and dairy products, edible oils, meat, and other foods compared to those in the higher income group. People in the low and middle-income groups consume more milk and dairy products and edible oils than those in the high-income group.
The coefficients for the interaction terms for the dummy variables reveal that families in the low income group that are headed by females have a negative effect on the consumption of other foods. The coefficients for the interaction terms between rural and low income indicate that being rural and poor have a positive effect on the consumption of other cereals, pulses, edible oils, fish, starch, and fruits and vegetables and a negative effect on the consumption of other foods. It is important to note here our previous finding that neither those who live in rural areas irrespective of their income level nor those who are poor irrespective of their location have a significant effect on the consumption of fish. However, being rural and poor does seem to have a positive correlation with the consumption of fish. This could be due to the fact that fish, which is a much cheaper source of protein than meat, is more readily available in rural areas. On the other hand, rural people in both low and middle-income groups tend to consume more edible oils than their counterparts in the high-income category. Given our previous finding that people who live in rural areas belonging to all income groups and those in the low income group irrespective of their location consume less of edible oils, this is an observation hard to explain. It may be that due to the high cost of meat, the rural poor are consuming more edible oil to make their less diversified foods more palatable.
Moreover, like those in the lowincome group, the rural people in the middle income group also consume more of starch, a cheaper source of carbohydrates, and less of other foods. Furthermore, we find that the rural poor families headed by females have a negative effect on meat consumption Households that have children of either sex in the 0-5 years age group have positive correlation with the consumption of milk and dairy products, and sugar, and a negative correlation with the consumption of other foods. Moreover, households that have boys in this age group have a positive relationship with the consumption of maize. As the number of children of either sex in the 6-11 years age group increases, the consumption of other food decreases, while the number of girls in this age group has a positive correlation with the consumption of other cereals and a negative correlation with the consumption of edible oils. On the other hand, as the number of boys in the same age group increases the consumption of rice increases. The number of family members in the 12-17 years age group has a negative correlation with the other food group for both sexes, while the number of boys in this age group seems to have a direct effect on the consumption of maize. In the 18-65 years age group, as the number of females increase, the consumption of rice increases while that of pulses and other foods decreases. On the other hand, the number of males has a positive correlation with the consumption of milk and dairy products in this age group. Finally, in the over 65 year age category, maize consumption of both sexes increases with the number of family members. While the number of females is negatively correlated with the consumption of sugar, edible oils, and other foods, the number of males has a positive correlation with the consumption of sugar and negative correlation with the consumption of meat and other foods. In general, with the increase in the number of household members in most age groups among males, the consumption of maize increases while the consumption of foods in the other food group decreases. That is quite understandable as maize is the staple food while the other food group contains items that are likely to be given the least priority as food demand increases with the expanding family.
The own -price elasticities and expenditure elasticities are presented in appendix table 3. The cross-price elasticities are presented in the appendix table 4. The expenditure elasticities for all food groups are positive implying that all food categories are normal goods and an increase in income will generally lead to higher consumption. Although point estimates for other cereals, pulses, fish, starch, fruits and vegetables, and other food are all greater than unity, estimates for pulses and starch are not statistically different from unity. The estimate for maize also is not statistically different from one. On the other hand, estimates for rice, milk and dairy products, sugar, edible oils, and meat are all less than one. These results imply that increase in any future expenditure on food will result in less than proportionate increase in the expenditure on rice, milk and dairy products, sugar, edible oils, and meat and a proportionate increase in the expenditure of maize, pulses, and starch. Conversely, increase in any future total food expenditure will have more than proportionate increase in the expenditure shares of other cereals, fish, fruits and vegetables, and other foods. The marginal expenditure share, which is defined as the product of the expenditure elasticity and the budget share, for each food category is also presented in appendix table 3. The results indicate that there would not be any substantial change in food demand patterns following an increase in future total expenditure on food. Maize, which accounts for the largest expenditure share will remain more or less at the same level. A slight increase in the consumption of rice, milk and dairy products, and meat could occur following increase in future total food expenditures.
The uncompensated own price elasticity estimates for all food groups are significantly different from zero at the 1 percent level and carry the expected negative sign. The estimates for all food groups are significantly less than one except for milk and dairy products for which the estimate is not significantly different from one. The estimates vary from -0.846 for other cereals to -1.012 for milk and dairy products. The estimates for grains vary from -0.846 for other cereals to -0.9 for rice. Rice is more elastic than maize. The own price elasticity estimates for non staples are also similar to those for staples and vary between -1.012 for milk and dairy products and -0.885 for edible oils. The estimates for the uncompensated cross-price elasticities are fairly low in all cases, but some are statistically significant indicating that some food groups are gross substitutes while the others are gross complements. In general, the demand for a particular food category is more responsive to its own price than to cross-prices. The compensated price elasticity is a better measure of substitutability between two goods because it measures only the substitution effect leaving the income effect out. All compensated own price elasticities are negative but smaller than the corresponding uncompensated price elasticities. The estimates vary between -0.713 for maize and -0.987 for milk and milk products. Unlike uncompensated cross-price elasticity estimates, the compensated cross price elasticity estimates indicate that except for other cereals and milk and milk products, all the other food groups have substitutable relationships with each other. For some cross-price elasticities, while Marshallian estimates are negative Hicksian estimates are positive. This suggests that the income effect in these cases outweigh the substitution effect.
As mentioned previously, empirical studies on food demand analysis in African countries are quite scant relative to other developing countries in Asia and Latin America. Even the few published studies have a limited scope in the analysis. Some studies have limited their attention either to a specific region or regions of a country or to consumers belonging to certain income groups, while others have examined the food consumption behavior only of selected food groups in the country of interest. These facts make it difficult to make a meaningful comparison of our results with those of previously mentioned studies.
Summary and Policy Implications
Reliable estimates of price and income elasticities of food are critical parameters in developing models for food policy analysis. In the absence of published estimates of food demand elasticities, model builders and policy analysts in Tanzania must have relied upon subjective judgement or unpublished elasticity estimates. Applying a demand model, which is grounded in a well-structured theoretical and analytical framework to data from the latest household budget survey, this paper estimates price and expenditure elasticities for twelve food groups in Tanzania. In estimating the demand system, particular attention was paid to the zero expenditure problem and the effects of demographic characteristics on the demand for foods.
Major findings of the study and policy implications drawn from these findings are as follows:
(A) Food demand is quite responsive to the changes in own prices, income, and household demographics such as age and sex. For any food policy to be effective in alleviating the problems of food insecurity and malnutrition, attention must be paid to these factors.
(B) Most food commodities are inelastic with respect to the own price but elastic with respect to the expenditure on food. This suggests that, in general, income oriented policies will have a greater effect on promoting food consumption than price related policies.
(C) A substantial price decline associated with increased production of maize and rice will benefit the majority of households since the two commodities have high budget shares and low own price elasticities of demand.
(D) Unlike in many studies on other developing countries, meat is inelastic with respect to expenditure, implying that it is not a luxury (a similar finding is reported in the Savadogo Brandt study on Burkina Faso). The inelastic demand for meat can be partly attributed to the high consumption of meat in many ethnic pastoral communities such as Maasai and Sukuma. Besides pastoralists, many farmers in Tanzania practice mixed farming where they grow crops and raise livestock together. According to the 1996 National Agricultural Census, there were over 15 million cattle, 10 million goats, and 3 million sheep in Tanzania. In addition, it has been estimated that 37% of all agricultural households in Tanzania raise livestock. These facts highlight the need to incorporate the meat sector as an integral part of the national food policy. Most current food policies have limited their attention to the promotion of cereal production in general and maize production in particular.
(E) Tanzania is one of many countries that suffer from the problem of severe child malnutrition. According to the results of this study, the demand for milk increases with the number of children in the 0-5 years age group. Although milk is an important food for everyone and to children in this age group in particular, the milk and dairy products group has the smallest budget share among all food groups. The fact that milk and dairy products are inelastic with respect to food expenditure but unitary elastic with respect to its own price indicates that consumers of milk and dairy products are more responsive to price than to income. Although there are 15 million cattle in Tanzania, only 1.4 percent of them is hybrid dairy cattle. The rests are indigenous breeds that yield very low amounts of milk. Any effort geared to alleviate the child malnutrition problem should place a high priority on promoting not only the production of milk but also the consumption of milk. 
